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Evapotranspiration and Soil Moisture-Fertilizer Interrelations with Irrigated 
Grain Sorghum in the Southern Great Plains 


By Marvin E. Jensen and Wiuuis H. Sierren, Soil 
and Water Conservation Research Division, Agricultural 
Research Service } 


In 1956 and 1957 grain sorghum represented 
37 percent of the harvested crop acreage in Texas 
(14). The largest concentrated area of sorghum 
is in the High Plains where the proportion of 
sorghum lrigated increased greatly during the 
drought years of the 1950’s. In 1959 the mone- 
tary value of irrigated grain sorghum was esti- 
mated to be about $100 million. 

As reported by the U.S. Census of Agriculture, 
the acreages of irrigated grain sorghum harvested 
in the 42-county High Plains area in 1950, 1954, 
and 1959 were 387,000, 1,006,000, and 1,224,000 
acres, respectively. The irrigated grain sorghum 
acreage in the eight counties—Castro, Deaf 
Smith, Floyd, Hale, Lamb, Lubbock, Parmer, 
and Swisher—represented over 80 percent of the 
total in the High Plains in 1954 and 1959. 

Development ‘of high-yielding hybrids and a 
large increase in the number of irrigation wells 
in the area have been major factors in the three- 
fold increase in irrigated grain sorghum. The 
number of wells increased from about 8,000 in 
1948 to 45,000 in 1958 and 52,000 in 1963. Ex- 
pansion since 1959 has been mainly north of the 
Canadian River. 

Ideal topography was instrumental in the rapid 
development of irrigation in the area. It is not 
uncommon for farmers to irrigate one-half-mile 
rows without any land smoothing. 

The predominant soils in the area, except for 
Lamb and Lubbock Counties, consist mostly of 
clay loams and silty clay loams (10, 15). The 
High Plains is perhaps one of the largest irrigated 
areas having a single predominant soil. 

The source of water used for irrigation is an 
aquifer that underlies most of the area. The 


total water supply is extensive, but the rate of 
recharge by rainfall is very small compared to 
the current rate of pumping. The pumping lift 
ranges from about 100 to 400 feet in different 
areas of the High Plains. The cost of pumping 
water and the growing awareness that the current 
pumping rates greatly exceed natural recharge 
created a need for maximizing economic returns 
per unit of irrigation water and precipitation. 

Without wrigation, inadequate precipitation is 
the major factor limiting crop production in the 
area. Under nonirrigated conditions, the common 
cropping sequences involving grain sorghum are 
continuous sorghum and sorghum after wheat. 
Bond and coworkers evaluated the frequency of 
obtaining various yields of grain sorghum under 
dryland conditions from 1907 to 1919 and 1943 to 
1958 on the “hardland” soils in the Texas High 
Plains (1). They found that the yield of con- 
tinuous grain sorghum was less than 2,000 pounds 
per acre about 80 percent of the time. With 
sorghum after wheat (fallow from harvesting of 
wheat until the next season), the yield was less 
than 2,000 pounds 70 percent of the time. The 
yields were less than 800 pounds 20 percent of the 
time with continuous sorghum and 15 percent of 
the time with sorghum after wheat. Yields 
exceeded 2,500 pounds about 5 percent of the 
time with continuous sorghum and about 15 
percent of the time with sorghum after wheat. 
Commercial fertilizers currently are not needed in 
dryland sorghum production. 

Yields were doubled or tripled during the first 
1 or 2 years of irrigation. Yields decreased in 
subsequent years if nitrogen fertilizer was not used. 
The purpose of this study was to combine moisture 
and fertilizer levels in an experiment to provide 
irrigation and fertilizer recommendations for use 
by irrigation farmers in the area. 


STUDY AREA 


Location 


The experiment was located on the USDA 
Southwestern Great Plains Research Center near 
Bushland, Tex., 14 miles west of Amarillo (latitude 


‘The authors gratefully acknowledge the computer 
services provided by the Data Processing Center, Texas 
A&M University, and the assistance of Frank O. Wood, 
Southwestern Great Plains Research Center, Bushland, Tex., 


35°15’ N., elevation 3,825 feet). The station is 
located near the northern edge of the irrigated 
grain sorghum counties previously mentioned. 
The soil on the experiment station is representa- 
tive of the irrigated area to the south as well as to 


in carrying out field operations and processing the volu- 
minous data. 
* Italic numbers in parentheses refer to Literature 


Cited, p. 17. 
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the irrigated area north of the Canadian River. 
The Canadian River bisects the High Plains in an 
east-west direction north of the station. 


Soil 


The soil on the experimental site is Pullman silty 
clay loam (3, 15). Organic matter content in the 
0- to 6-inch depth after several years of tillage 
ranges from 1.6 to about 2.1 percent, as compared 
to a native grass site of 2.6 percent. A caliche 
layer (CaCO;) occurs at a depth of 3.5 to 4 feet. 
The proportion of CaCO; by weight in the caliche 
layer is as high as 45 percent (15). The soil of a 
given layer is extremely uniform in physical 
properties and moisture-holding characteristics 
for extensive areas. 

Bulk density determinations to a depth of 5 feet 
were made at four locations on the experimental 
site on September 18, 1956, by the use of two 
1.85- by 4-inch cores per foot of depth. The 
standard error of the mean of four cores was 0.056, 
or 3.8 percent of the mean volume weight. These 
data and soil moisture characteristics are summa- 
rized in table 1. Field capacity values given are 
the mean of high values measured 5 to 10 days 
after a preplanting irrigation. Wilting percent- 
ages are the mean of low values measured near 
harvest on the drier plots. These field capacity 
values would not be the maximum obtainable 1 to 
2 days after excessive irrigation. However, they 
indicate available water-holding capacity under 
normal irrigation practices when evapotranspira- 
tion rates are low. The rate of internal drainage 
by gravity on this soil is veryslow. Therefore, when 
evapotranspiration rates are high, the effective 
available water-holding capacity is greater than 
the values given in table 1, because evapotran- 


TaBLe 1.—Soil density and_ moisture-holding 
characteristics, Pullman silty clay loam 


Bulk Field | Wilting | Avail- 

Depth increment | density | capac- | point 1 able 

ity ! water 

Inches G./cc. | Percent | Percent | Inches 
OF ee ee aa meee 1. 38 24. 6 12. 6 1. 99 
12 24e se ees 1. 52 22. 7 13. 5 1. 67 
24-3622 ee ees eo 152 21.0 13. 0 1. 46 
SOqASt ens. Sei 1. 50 20. 4 13. 5 1. 24 
AS60285 Soo aes ee 1. 40 21.9 Sesino 1.41 
G0=/22S2 es. 22222 31. 50 19.9 13. 4 iL Nye 

Total: 

De ba ele | ol NEA ee anny peer ete 6. 36 
O57 2242 SSE CEE S| eee eS LS eo ee 8. 94 


1 On an oven-dry weight basis. 
2 Contains as much as 45 percent CaCO: by weight. 
3 Estimated. 


Spiration demands can be met with water that 
ordinarily drains from the profile in the 5- to 10- 
day period after irrigation. 

Low intake rates on these soils limit the amount 
of irrigation water that can be applied in 12 to 24 
hours to 4 to 5 inches during the growing season. 
A summary of intake measurements made in an 
adjacent experiment that uses level basins and 
tillage practices similar to those used in this ex- 
periment is presented in table 2. A 4-inch ir- 
rigation during the growing season requires about 
16 to 20 hours to be absorbed. The intake from 
0 to 0.33 hour ranges from 1.9 to 2.3 inches, and 
the intake from 0.33 to 15.33 hours ranges from 
1.7 to 2 inches. Intake rates are higher during 
the preplanting irrigations. Intake rates when 
large furrows are used between sorghum rows on 


TABLE 2.—Average intake rates for preplanting irrigations and cropping season irrigations on grain sorghum 
with sweep-chisel tillage used during the fallow period, Bushland, Tex., 1957-59 


Intake rates for time interval after applying water 


Year Irrigation 
0.33- | 0.67- | 1.33- 
0.67 1.33 2.00 
hour | hours | hours 
In.[hr.| In.[hr.| In./hr. 
1957_2|) Preplant_ =o 5222222 0. 504 | 0. 356 | 0. 252 
Average (1 and 2)!_____ . 688 . 279 61 
1958__| Average (1 and 2)!____-_ . 624 . 240 . 108 
195923|Preplants) 22 se 1. 104 . 480 . 264 
Average (1 and 2)!_____ . 457 . 156 . 108 


Weighted 
2.00— | 2.67— | 3.33- | 4.67- | 7.33-— | 10.67—| average 
2.67 3235 4.67 7.33 10.67 ||: 15.33 
hours | hours | hours | hours |} hours | hours 
In.[hr.|\ In./hr.| In./hr.\ In./hr.| In./hr.| In./he.|  In./hr. 
0. 224 | 0. 216 | 0.168 | 0.129 | 0.108 | 0. 080 0. 145 
ral 22 . 140 .118 . 104 . 083 . O81 . 110 
. 108 . 072 = 20 . 105 . 084 . 091 .114 
. 120 . 144 . 168 . 162 . 154 . 154 . 242 
. 120 . 108 . 120 . 096 . 082 . 084 . 128 


1 Average of the 1st and 2d irrigation during the crop season. 
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these soils should be similar, because of rapid 100 
lateral water movement in the plow layer and the 
dense soil below the plow layer that extends to a 
depth of about 3 feet. 

The soil on the experiment site was first ir- 
rigated in 1956. Before 1956, the land was 
fallowed in 1955 with a previous cropping history 
of a wheat-sorghum-fallow dryland rotation. 


@ 
(e) 


® 
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Climate 


The weather in the Great Plains is noted for its 
great variability and rapid changes. Extreme 
variations in monthly rainfall, daily temperature, 
and windspeed are normal expectations, especially 
during the months of March, April, and May. 
Annual precipitation ranges from less than 10 


FREQUENCY (PERCENT) 


inches to over 30 inches. a 0 

A summary of average climatic conditions and O 10 20 30 40 50 
the weather conditions existing during this 4-year PRECIPITATION (INCHES ) 
study is presented in table 3. The probabilities 
of receiving various amounts of rainfall are illus- FIGURE ee epee n yO nay 2 various amounts of 

c aR Pay annual, fallow period, and sorghum growing season 

trated ne figure 1 ©). ae pattern of precipitation precipitation at Amarillo, Tex. The curves represent 
1S similar for much of the area, but more precipi- the percentage of time that precipitation can be expected 
tation occurs east of Amarillo. to be less than the amounts shown. 


TABLE 3.—Summary of weather data for the grain sorghum growing season at Bushland, Tex., 1956-61, 
and averages for longer periods 


Preceding Crop growing season 
ALLO Wn CT1O Ci ype | eee en ee ee ee | Annual 
Year November- average 
May, average June July August |September| October | Average | or total! 
or total or total 


PRECIPITATION (INCHES) 


1956 See eee 6. 65 1. 10 3. 18 2. 03 0. 12 0. 32 6. 75 13. 40 
My ee eee ee 8. 62 3. 05 1. 70 4, 22 1. 05 2. 55 12. 57 21. 19 
195SSece oes 9. 61 bere 7. 79 . 53 2. 05 pail 12. 35 21. 96 
1959S See sess 6. 39 2. 69 2.15 2. 50 1. 13 2. 00 10. 47 16. 86 
1939-61__________. 7. 20 2. 60 2. 88 2. 51 1. 64 1. 87 11. 50 18. 70 
Mean Dartty Maximum Arr TEMPERATURE (°F.) 
1S 5 Pea 66. 2 92. 6 92. 9 91.7 90. 2 80. 2 89. 5 75. 9 
IG SVG hee Se Heese ™ 63. 6 88. 6 96. 5 89. 9 83. 3 69. 9 85. 6 72. 8 
105 See ee So 59. 7 93. 5 91.0 92. 6 85. 1 73. 3 87. 1 71.2 
TO 5 OFS 5 ETE oe 64. 4 89. 3 89. 6 92. 1 86. 9 72. 2 86. 0 73. 4 
19 39-Ole eee = 62. 9 89. 4 91.3 90. 5 84.9 74. 6 86. 1 72. 6 
Mean Darty Mintmum Arr TEMPERATURE (°F.) 
NODG Bee sea ean oe 31.0 63. 1 63. 2 60. 8 55. 5 46. 3 57. 7 42, 2 
S51 (eh ee oe 33. 3 57. 4 64. 9 62. 8 51.3 44. 6 56. 2 42. 9 
O58 ee eaten eeeoe 32. 9 60. 4 64. 3 62. 0 57. 4 43. 7 57. 5 43. 2 
1050 Natwest ewe 30. 3 60. 2 61. 6 63. 5 53. 8 39. 5 55. 7 40. 9 
1939-Gle eee eee 32. 1 59. 5 63. 3 62. 3 54. 7 44.1 56. 8 42. 4 


See footnotes at end of table. 
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TABLE 3.—Summary of weather data for the grain sorghum growing season at Bushland, Tex., 1956-61, 
and averages for longer periods—Continued 


Crop growing season 


Preceding 
fallow period, peers Annual 
Year November- average 
May, average June July August |September} October Average | or total! 
or total or total 
Mran Cioup Cover (TENTHS)? 
1O5G2 ee eset sense 4.7 4.2 5. 0 3. 8 Beal 2.4 3.4 4.1 
Uy ee ere ere ee 5. 8 4.3 4.1 4.7 3.5 6. 2 46 bao 
LODO Se meee ae meres 5.9 4.1 4.1 4.0 5. 5 4.6 4.5 5. 3 
1195 On See aes 4.9 4.7 4,2 4.2 2. 6 3. 6 3. 9 4.5 
1955-60 E2=e sees see 5. 1 4.3 4.5 3.9 on0 4.0 4.0 47 
EstiMATED Sonar RapDIATION (G. CAL./CM.2-DAY)? 
OSG eae 417 677 615 595 598 430 582 486 
Ob (ee eee eee 379 653 665 555 496 321 538 445 
N95 82 soe7 tet eee 364 661 664 593 491 374 556 445 
1959S eee see 414 451 654 588 572 404 534 464 
Long-time average __ 393 652 641 598 508 390 558 A462 
Pan EvVAporaTION (INCHES)? 
95622 See ee 44, 26 11. 68 11. 26 11. 49 11. 70 8. 46 54. 59 98. 85 
1 Yay (Ee ee ce Ds 33. 89 9. 54 14. 28 9. 04 7. 63 5. 15 45. 64 79. 53 
1958 eee ease eee 23. 89 11. 74 11. 18 11.14 8. 33 5. 92 48. 31 72. 20 
1059 ES eae Sees 34. 32 10. 04 9. 46 10. 00 9. 07 5. 27 43. 84 78. 16 
1940-61__________- 433. 88 10. 81 11. 08 10. 15 8. 35 6. 35 46. 74 80. 62 
WINDSPEED (MILES/HOUR)® 
GS eee 6. 55 6. 36 5. 04 4. 82 6. 04 5. 71 5. 59 6. 15 
105 (eee eee 6. 34 5. 91 4. 86 4. 38 4. 54 5. 68 5. 07 5. 81 
19 588.6225 20 Sh 5. 61 6. 40 6. 06 3. 72 5. 69 3. 99 5. 16 5. 42 
LOD OS See ae 6. 06 5. 44 5. 41 5. 49 5. 79 5. 19 5. 46 5. 81 
1939-61 See eee oe 7. 08 7. 04 5. 90 5. 53 6. 19 5. 82 6. 09 6. 67 
RELATIVE HuMIDITY (PERCENT)® 
LOS CH Sere Soe 51. 9 39. 9 43. 6 38. 6 36. 2 42. 0 40. 1 46. 9 
Gy ee ee ee 46. 6 53. 9 50. 1 55. 5 56. 2 71.9 57. 6 51. 2 
Nfs fo eees eee a 55a 2 38. 4 46. 0 39. 3 51. 6 45.8 44. 2 50. 6 
19502 ee ee 45. 4 44.5 41.1 39. 8 36. 9 49. 2 42.3 44.1 
1940-61 ae eee 52. 9 48. 3 49. 3 48. 6 49. 3 51.4 49. 4 51. 4 


1 Previous November through October. 

2 Amarillo, Tex. 

3 Young screened ground pan, 2 ft. diameter. (1940-53 U.S. Weather Bureau pan data converted to Young pan by 
a coefficient of 0.92.) 

4 11-year average for October through March. 

5 Height of anemometer, 1.75 ft. 

6 Average of 8:00 a.m., noon, and 4:30 p.m. values. 
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PROCEDURE 


Experimental Design 


The experimental design was a randomized 
complete block with split plots. Four replica- 
tions of six soil moisture levels as complete blocks 
and six fertilizer treatments as split plots were 
used. Each moisture level was included in a 
level basin diked on all sides with level area 
dimensions of 30 by 165 feet. Depth of irriga- 
tion water applied was based on dimensions from 
center to center of the dikes, 33.3 by 168 feet. 
Fertilizer plots were 15 by 50 feet. The treat- 
ments were maintained on the same plots for the 
four seasons. (Farmers frequently grow sorghum 
on the same field 3 to 5 years in succession.) 


Moisture Levels 


A preplanting irrigation was given all moisture 
treatments each year several weeks before plant- 
ing to wet the soil to a depth of about 6 feet. 
Moisture levels are described below. 


Code No. Moisture level 

Me eee Preplanting irrigation only. 

Mia ese One 4-inch irrigation 1 week prior to boot 
stage. 

1 be ee ee Irrigated when the weighted mean soil 
moisture tension approached 9 atmos- 
pheres. 

Mies eee Irrigated when the weighted mean soil 
moisture tension approached 4 atmos- 
pheres. 

Mieeiae sae Irrigated when the weighted mean soil 
moisture tension approached 1% at- 
mospheres. 

IMGgit eRe? a Ste Irrigated the same as Ms3, for the first 


irrigation, and irrigated the second time 
before the soil moisture tension ap- 
proached 4 atmospheres in 1957, 1958, 
and 1959. Irrigated the same as My, in 
1956, except the third irrigation was not 
given. 


The weighted mean soil moisture tension was 
obtained by weighting tensions in successive 
quarters of the moisture depletion zone by 4, 3, 
2,and 1. The weighting procedure was based on 
typical soil moisture extraction patterns. Soil 
moisture tension was measured indirectly by cured 
plaster of paris moisture blocks (2) calibrated in a 
pressure membrane apparatus. Calibration con- 
sisted of placing six blocks selected at random in 
a special-built pressure membrane apparatus with 
1 cm. of soil above and below the block. Indi- 
vidual leads for each block in the pressure mem- 
brane were used. The calibration curve was 
adjusted to 70° F. and used without further 
correction. The curing process consisted of at 
least two 24-hour soaking and drying cycles. The 
standard deviation of the resistance of individual 
cured blocks immersed in tapwater was about 25 
ohms. The curing process removed most of the 
drift in calibration that normally would have 


occurred in the field and some of the variability 
between blocks. New moisture blocks were 
installed each summer at depths of 4, 9, 16, 29, 
and 42 inches in the F; and F; fertility subplots 
of each moisture treatment. Readings were 
made three times a week during the main part of 
the crop season. 

A summary of dates, depths of water applied, 
and stage of growth at each irrigation is given in 
table 10 in the appendix. Water from a well was 
delivered and measured to each moisture plot by 
the use of gated aluminum pipe and a flowmeter. 
A summary of rainfall by storms received during 
the growing seasons as recorded in a gage near the 
plots is presented in table 11 in the appendix. 
The sums of these values by months differ some- 
what from those presented in table 3 because of 
location. 


Fertilizer Treatments 


Nitrogen in the form of ammonium sulfate 
(20.6 percent N) and phosphorus in the form of 
concentrated superphosphate (45 percent POs) 
were used at the rates given below each year 
except in 1957. No fertilizer was applied in 1957, 
because response to applied fertilizer did not 
occur in 1956, the first year of irrigation. 


Phosphorus 
(45 percent 
Nitrogen POs) 
Fertilizer treatment No. (Lb./acre) (Lb./acre) 

a ee Saat ea one 240 0 
ne RE Neen en 0 30 
CEE ater en ee ne ge Bae Re 60 30 
1 AY ik eee ene ae eet rere SOR cs RR 120 30 
Pee ee Sk Sea ai RES 240 30 
Ree etoseoe ce eactes, Aa ekoe 240 60 


In 1956, nitrogen was broadcast on the surface 
of the soil and worked into the top 2% inches of 
soil. In 1956, phosphorus placed with the seed 
restricted the germination to some extent, owing 
to limited soil moisture conditions. Consequently, 
all plots were irrigated on June 26 and June 27 
to improve the stand. In 1958 and 1959 nitrogen 
was broadcast just ahead of each furrow opener 
and phosphorus placed ahead of the press wheel 
following the furrow opener (just above the seed). 


Cultural Practices 


Tillage 


In 1956 and 1957 the plots were sweep-plowed 
to a depth of 6 to 8 inches after harvest. Other 
tillage operations varied from year to year accord- 
ing to weed and volunteer sorghum growth. 
After the preplanting irrigation, usually given 
early in June or late in May, the plots were 
sweep-plowed to a depth of 2 to 3 inches and 
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spike-tooth harrowed prior to planting to control 
volunteer sorghum growth and prevent large 
drying cracks. 


Seeding and Harvesting 


Plots were planted each year with RS-610 
hybrid grain sorghum in rows 20 inches apart. 
Planting date, rate, and harvest dates were as 
follows: 


Planting 
rate 
Date of planting (Lb./acre) Harvest dates 
1956—June 13-14________ 15 Oct. 4-Nov. 2 
1957—June 22___________ 11 Oct. 29-30 
1958—June 16-17________ 18 Oct. 6-16 
1959—June 17-18________ 6 Oct. 10-23 


The rate of planting used in 1959 was considered 
to be the minimum for maximum yields based on 
other studies (13). 


Yield Determination and Disposal of Crop 
Residue 


Yields were determined by hand-cutting heads, 
which were dried and threshed at a later date, 
except in 1956. In 1956, 4 rows, 40 feet long, 
were harvested from each subplot with a small 
self-propelled combine. In 1957, 1958, and 1959, 
4 rows, 25 feet long were hand-harvested. After 
hand-harvesting to determine yields, the rest of 
the plot area was harvested with a combine. 
Each year the residue was returned to the indi- 
vidual plots, except in 1957. In 1957, an offset 
combine was used that deposited the threshed 
stalk to the side of the plot. The stubble re- 
maining after harvest was shredded either in the 
fall or in the spring and disked into the surface. 


Evapotranspiration Determinations 


Evapotranspiration (£,) was determined from 
soil samples taken periodically to depths of 4 or 
6 feet on the F:, Fy, and F; subplots of each 
moisture level. Samples were taken by hand in 
1956, partially by machine in 1957, and by machine 
in 1958 and 1959 (9). 

Soil sampling sites were marked so that succes- 
sive cores could be taken about 1 foot or less from 
the preceding location moving in the same direc- 
tion each time. After removing the core, the hole 
was filled with surface soil and tamped. Because 
of the low intake rates and limited depths of water 


applied, the rate of H, during an irrigation period 
(from the date of sampling prior to an irrigation 
to the date of sampling after an irrigation) was 
calculated as follows: 


Inches, + (Irrigation and rainfall) — Inches, 


Days between sampling dates = Inches per day 


where inches; and inches, represent the total 
water in the profile before and after irrigating. 
The depth of irrigation water applied was gener- 
ally less than the amount required to bring the 
soil to field capacity with the exception of the 
first irrigation in 1956, which was applied to 
improve the germination and uniformity of 
stand. 

Values obtained by this procedure for the irri- 
gation period usually were somewhat larger than 
those obtained between sampling dates after an 
irrigation. This method of calculation for the 
irrigation period assumes that each subplot re- 
ceives the same depth of water and no deep 
percolation occurs. Small differences in intake 
between fertilizer subplots due to small differences 
in soil moisture content may have occurred from 
1957 through 1959. The 1959 seasonal total EF, 
was from the first to the last sampling date; for 
the other years an adjustment was made back to 
the date of planting. 


Other Measurements 


Nitrogen content of the grain was determined 
each year from 1956 through 1958 and in 1960. 
The percentage of protein was obtained by using 
a constant ratio between nitrogen content and 
protein content. Detailed evaluation of total 
nitrogen uptake on three moisture levels with four 
rates of nitrogen was carried out in 1957 and 1958. 
The results of the nitrogen study have been pre- 
viously published (11). Height determinations 
were made with a surveyor’s rod, and the average 
height of the grain sorghum was observed at full 
growth. The relative date of heading was deter- 
mined when the earliest plots were blooming. A 
numerical rating was used as follows: (1) late boot 
stage, (2) beginning to head, (3) partially headed, 
and (4) headed and blooming. The number of 
heads per unit area was determined as the plots 
were hand-harvested. Test weight of the grain 
was determined by standard volumetric and 
weighing procedures. 


RESULTS AND DISCUSSION 


Evapotranspiration 


The High Plains is not a large homogeneous 
irrigated area. Irrigated fields are intermixed 
with rangeland and nonirrigated farmland. The 
total acreage of irrigated crops in 1954 other than 


wheat, a winter crop, represented only about 10 
percent of the total land area in the High Plains. 
In the eight-county area, which had 84 percent 
of the irrigated grain sorghum in the High Plains 
in 1954, the total acreage of irrigated crops, 
other than wheat, represented only 38 percent 
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of the land area. Thus, even during the summer 
season, about two-thirds of the area is nonirri- 
gated. Evapotranspiration determinations made 
in this 2.8-acre site surrounded by irrigated and 
nonirrigated land should be representative of 
irrigated fields surrounded by nonirrigated land 
in the area. 


Seasonal Evapotranspiration 


A detailed summary of seasonal evapotranspira- 
tion (Z,) and analysis of variance for three fertility 
subplots on each moisture level are presented in 
table 12 inthe appendix. Some of these data have 
been summarized and published earlier (6, 7, 8). 

The largest yields and the highest water use 
efficiency were obtained on the M, moisture level. 
Therefore, the M, moisture level will be referred 
to as the optimum moisture level in the rest of 
this report. Cumulative H#, averaged for the 
F, and F; fertilizer plots in 1957-59 and all fertilizer 
treatments in 1956 on the M, moisture level is 
presented in figure 2. The 4-year average seasonal 
E, was about 22 inches. 
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FicurE 2.—Cumulative evapotranspiration for grain 
sorghum at Bushland, Tex., with optimum soil moisture 
conditions (M, moisture level). 


Climatic conditions during the 1956 growing 
season were nearly normal except in September 
and October, when solar radiation and air tem- 
perature were above normal and rainfall was 
below normal. Cumulative EF, in 1956 closely 
followed the 4-year mean except in September, 
when it exceeded the mean. The total 1956 
seasonal H, probably would have been higher if 
an additional irrigation had been given in Septem- 
ber. With below-normal rainfall in September 
and October, most of the available soil moisture 
was depleted by early October. 

Low cumulative /£, in 1957 was a result of 
below-normal solar radiation and air temperatures, 

771-798 O—65——2 


especially in October. Solar radiation and air 
temperature were above normal in July 1957; 
however, the planting date was about a week 
later than average, wnich apparently resulted in 
below-normal cumulative #, that month. 

In 1958 heavy July rainfall (7.79 inches) may 
have caused some deep percolation beyond the 
soil sampling zone. Soil moisture in mid-July 
was greater in the 4- to 5-foot and 5- to 6-foot 
depths than that at corresponding depths on 
June 23. Also evaporation losses from the soil 
surface may have been above normal in July 
because of frequent rains. 

Use of nitrogen fertilizer increased yields sub- 
stantially but had little influence on the seasonal 
E, (appendix table 12). For example, with the 
Ms, moisture level, the 3-year average yield (1957-— 
59) was 194 percent greater on the highest nitrogen 
treatment than on the 0-nitrogen treatment, but 
the average seasonal H, was only 6.2 percent 
greater. in 1959, with a lower yield on the 0- 
nitrogen treatment, the yield was 262 percent 
greater on the high-nitrogen treatment. The 
larger yield in 1959 was obtained with an increase 
of only 5.7 percent in #,. There was no signifi- 
cant difference in HL, between the 120- and 240-lb. 
N rate. Similar results have been reported for 
other areas (16). 

During August, grain sorghum can be considered 
as having adequate evaporation and transpiring 
surfaces so as not to limit #, Consequently, an 
estimate of mean evaporative demand or potential 
E, should be approximately the same as the mean 
E,, determined on the M, moisture level during this 
period. Potential /, as used here refers to evap- 
orative demand in irrigated fields located in arid 
and semiarid areas. ‘The 4-year average LE, for 
August was 8.6 inches (fig. 2). The average total 
radiation for August was 583 calories per square 
centimeter per day, which would be equivalent to 
the energy required to evaporate about 0.389 inch 
per day. The mean air temperature was 76.9° F. 
Jensen and Haise (4) obtained the equation E,,= 
(0.14 7—0.37)R, for estimating potential E, by 
correlating measured EH, from crops other than 
grain sorghum with solar radiation and mean air 
temperature. TJ is the mean air temperature 
in degrees Fahrenheit, &, is solar radiation 
expressed as evaporation equivalent, and £1, is 
estimated potential evapotranspiration. With 
this equation the estimated mean potential E, 
during August at Amarillo is 8.5 inches. 


Rate of Evapotranspiration 


The average rate of evapotranspiration for 
sampling periods on the M, moisture level for the 
4 years is presented in figure 3 along with estimated 
mean potential H,. Estimated mean evaporative 
demand or potential Z, is high in June and July up 
to about the first part of August, then it begins to 
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Figure 3.—Rate of evapotranspiration (#,) for grain sor- 
ghum at Bushland, Tex., with optimum soil moisture 
conditions and estimated mean potential E;. 


decrease. The /, rate was much less than the 
potential in June and early July because of limited 
transpiring surface area. As transpiring surface 
area increased in July, the mean FH, rate increased 
rapidly until the potential rate was reached during 
the first few days in August. The decrease in 
mean HL, rate during August follows the decrease 
in potential Z,. The effects of cropmaturation and 
lower soil moisture levels appear to have reduced 
E, below the potential during the latter part of 
September and in October. The mean rate of 
evapotranspiration shown in figure 3 should be 
applicable to irrigated fields in the area planted to 
grain sorghum about June 15. For sorghums 
planted 2 or 3 weeks earlier, the peak rate of F, 
will be reached about 10 days earlier. 

A summary of total water in the 0- to 4-foot 
depth for all moisture levels by sampling dates is 
presented in table 13 in the appendix. These 
values are the average of the F, and F; plots. 
Total water in the 4- to 6-foot depth increment is 
presented in table 14. Soil moisture extraction 
from the 4- to 6-foot depth was small except on 
the dry treatments. Therefore, this depth was 
not sampled each time the 0- to 4-foot depth was 
sampled. 


Grain Yield 


Grain yields for each combination of moisture 
level and fertilizer treatment and a summary of 
the analysis of variance are presented in table 4. 
Yields were greatly affected by nitrogen fertilizer, 
especially where soil moisture did not restrict 
yields. No significant response to phosphorus 
occurred in the 4 years, with average yields of the 
same treatment as high as 7,200 lb./acre. 

Nitrogen fertilizer did not increase yields in 
1956. Yields ranged from less than 1,000 lb./acre 


with a preplanting irrigation only to over 6,000 
Ib./acre on the M, moisture level plots. Severe 
lodging occurred on the M, and M, moisture levels 
due to charcoal rot (Macrophomina phaseoli). 
Moderate lodging occurred on the M; and M; and 
some lodging occurred on the Mz plots. Lodging 
was more severe on the plots fertilized at the 240- 
lb./acre nitrogen rate. The M, moisture level 
plots had very little lodging. 

A response to nitrogen applied in 1956 occurred 
on the higher soil moisture levels in 1957. The 
yield without applied nitrogen was less on the 
optimum moisture level than on the medium 
level, apparently because about 1,600 lb./acre 
more grain was produced on this treatment in 
1956. The M, moisture level plots lodged, and 
some lodging occurred on the M; level. 

In 1958, the third year of irrigation, yields 
dropped about 50 percent without nitrogen 
fertilizer on the medium and optimum soil moisture 
levels. With a preplanting irrigation only, the 
yield was largest without applied nitrogen. 

In 1959, the fourth year of irrigation, yield 
without applied nitrogen decreased to about 
3,000 lb./acre on the optimum soil moisture 
level. The largest increase in yield occurred with 
the first increment of nitrogen (60 Ib./acre) 
applied in 1956, 1958, and 1959. 

The 4-year average yield with a preplanting 
irrigation only was about 2,500 lb./acre. On this 
treatment a slight response to applied nitrogen 
occurred in 1959. Similar results were obtained 
on the M2 moisture level (preplanting plus one 
seasonal irrigation), except a substantial response 
to nitrogen fertilizer occurred during the fourth 
year. In this case, the 4-year average yield with- 
out applied nitrogen was about 4,080 lb./acre, 
whereas the average yield with applied nitrogen 
was about 4,400. Most of this difference occurred 
in 1959. In 1959, the plots without applied nitro- 
gen yielded only about 3,300 lb./acre compared 
with the fertilized plots that yielded as high as 
4,590 lb./acre. 

On adequately fertilized plots of the medium 
moisture level (M;), which averaged about 5,800 
lb./acre, a response to residual nitrogen occurred 
during the second year under irrigation. By the 
fourth year, yields increased from 3,200 to 5,700 
lb./acre with applied nitrogen. These results 
indicate that, when irrigating for a yield potential 
of 6,000 lb./acre, no nitrogen fertilizer may be 
necessary the first 2 years this soil is irrigated 
but about 60 lb. of N will be needed the third 
year and between 60 and 120 lb. the fourth year. 

With average yields of 7,000 to 7,500 lb./acre, a 
response to nitrogen occurred during the second 
year under irrigation. By the fourth year, nitro- 
gen increased yields from about 3,000 to 7,800 
Ib. per acre. Continuous production of 7,000 lb. 
per acre, or more, would require at least 120 pounds 
or more of nitrogen annually. 
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Tas.e 4.—Effect of soil moisture and fertilizer treatments on the yield of hybrid grain sorghum for 1956-59, 
Bushland, Tex. 


YIELD DaTA 


Fertilizer treatment Yields at moisture level of— Average 

for all 
Year moisture 

No. Nitro- P.O; M, M, M3; M, M; Ms levels 

gen 

Lb./acre | Lb./acre | Lb./acre | Lb./acre | Lb./acre | Lb./acre | Lb./acre | Lb./acre | Lb./acre 
F, 240 0 633 2, 161 4, 992 6, 704 5, 433 4, 379 4, 050 
F, 0 30 780 1, 924 4, 865 6, 462 5, 241 3, 590 3, 810 
198Gb chet F; 60 30 645 | 2,214] 5,176| 6,213 | 5,870| 3,909| 4,004 
es eee) Fy 120 30 703 2, 026 4, 898 6, 888 5, 286 4, 134 3, 989 
F; 240 30 817 2, 030 4, 158 6, 450 5, 266 3, 942 BH Lit 
F, 240 60 829 2,108 | 4,477 6, 571 4,947 | 3,958 3, 815 
FAW. CL AD Cerone eye se ese eon ees eee ers 735 2, 077 4, 761 6, 548 5, 340 3, 985 3, 908 
F, 0 0] 3,436 6, 193 6, 735 7, 643 7, 780 6, 964 6, 459 
F, 0 0; 3,319 5, 860 5, 762 5, 220 5, 330 6, 363 5, 309 
TIGL phases ee Ne eae F; 0 0} 3, 541 5, 755 6,167 | 6, 539 5, 808 6, 213 5, 670 
F, 0 0} 3,697 5, 762 6, 755 6, 755 6, 716 6, 526 6, 035 
F; 0 0| 3,770 6, 030 6, 605 7, 499 (OST. 7, 160 6, 450 
Fs 0 0 | 38, 567 6, 056 7, 023 7, 434 7, 904 6, 983 6, 494 
TNS SSE oo St eR | [a | | me 3, 555 5, 942 6, 508 6, 848 6, 862 6, 701 6, 069 
F, 240 0 2, 058 4, 886 6, 128 7, 258 6, 924 6, 657 5, 652 
F, 0 30 2, 979 5, 226 | 3, 554 3, 442 3,325 | 3, 848 3, 729 
HOR Queer enna F3 60 30 2, 718 5, 500 5, 925 6, 448 5, 938 6, 350 5, 480 
F, 120 30 2, 626 5, 089 6, 212 6, 964 6, 781 6, 317 5, 665 
F; 240 30 2, 430 5, 258 | 6, 219 7, 232 7, 075 6, 650 5, 811 
F; 240 60 | 2,116 5, 526 6, 578 7, 492 7, 029 6, 748 5, 915 
AV CT AG CH em eet ee ee Ma pesca fee fo ee 2, 488 5, 248 5, 769 6, 473 6, 179 6, 095 5, 375 
F, 240 OF 535412 4,176 5, 254 7,215 7,770 | 6,019 5, 641 
F, 0 30 2, 803 3,320 | 3,215] 2,980] 2, 947 2, 521 2, 964 
105 Obes eee eee ese F; 60 30 3,300 | 4, 274 5, 058 5, 882 5, 692 6, 156 5, 060 
Fy, 120 30 | 3,392 4, 496 5, 777 7, 143 eallhd, 5, 934 5, 643 
F; 240 30 | ° 3, 281 4, 588 5, 718 7, 822 7, 698 5, 967 5, 846 
Fs 240 60 | 3,634] 4,921 5, 535 6, 934 7, 555 6, 810 5, 898 
IAN CLAD Char megan | omer nte 2 ll | ae Meal ee ast 3, 304 4, 296 5, 093 6, 329 6, 463 5, 568 5, 175 
Ep A hee Rar Ste Agee Et 2, 385 4, 354 By Chae 7, 205 6,977 | 6, 005 5, 450 
Eiceeihed | See ce ties oes 2,470 | 4,082] 4,349| 4,526] 4,211] 4,080 3, 953 
AV CL 2D Cx = ee ee Hee ele |e eee |e Ree 2, 551 4,436 | 5,582 | 6,270] 5,827] 5,657 5, 054 
lor * ) | ecegie te Peres epee 2, 604 4, 343 5,910 | 6,938] 6,475 5, 728 5, 333 
VP © Aegean eer 2, 574 4,476 5, 670: |, 251! 6, 919 5, 930 5, 471 
SH oie eine a ae 2,536 | 4, 653 5, 903 7,108 | 6,894] 6,125 5, 530 
Overalliaverages =o. 22 4|52 2-5-2 4/2225 22 2,520] 4,391 5, 533 6,550 | 6, 211 5, 587 5, 132 

ANALYSIS OF VARIANCE 
Mean squares ! 
Component Degrees of 
freedom 
1956 1957 1958 1959 

Moisture: (Vi) ts nse eas one eh 5 |111, 257, 911** | 39, 197, 156** | 52, 403, 100** | 35, 658, 200** 

Mirrors) meses tet anne aint ey HS ? 15 683, 301 504, 222 258, 600 326, 300 
Rertilizers (Hees sn maine eee eo ode De 5 342, 250 5, 836, 120** | 17, 854, 600** | 30, 267, 400** 
1 FOS DS Sea pant PN Ss a a 25 229, 627 794, 681** | 2, 173, 800** 2, 168, 700** 

HTrOn, (D) sass oe eee een eee 90 306, 509 258, 694 246, 591 195, 171 

Ota lees eee eke eee seer oe Soe ASA eerie > Pete were) Si ese Ee Ct ee eee aio ee I as 


1 **— Significant at the 1-percent level. 
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TaBLe 5.—Effect of residual nitrogen and previous moisture levels on yield of hybrid grain sorghum in1960 


YIELD Data 


Fertilizer treatment ! 


Yields at moisture treatment ? of— Average 
for all 
moisture 
M, M; M, M; M, levels 
Lb./acre | Lb./acre | Lb./acre | Lb./acre | Lb./acre | Lb./acre 
6, 878 6, 825 6, 48 6, 506 6, 591 , 628 
4, 026 3, 354 3, 276 3, 1382 3, 622 3, 772 
5, 031 3, 967 4, 006 3, 576 4,144 4, 541 
5, 174 4, 940 4, 561 4, 372 4, 633 5, 075 
6, 584 7,478 6, 741 6, 297 7, 393 6, 980 
7, 047 7, 360 5, 938 6, 584 6, 055 6, 773 


ANALYSIS OF VARIANCE 


No. Nitrogen POs M, 

Lb./acre | Lb./acre| Lb./acre 

| aes ena ce Naeem eeye Biear 240 0 6, 486 
Wyo ate Se a Se 0 30 5, 220 
TS kc Oe ee A 60 30 6, 519 
ys ee ee SE ee ee 120 30 6, 767 
] SS ee ee a rece eae RU ve te 240 30 7, 386 
br art aie cM IIMs Rist AS oe Sh 240 60 7, 654 
AV OLAS Czar se SW Wie Ts oes sie sete Sees eee 6, 672 

Component 


Moisture (M) 

Error (a) 
Fertilizer (F) 
M X F 


Total 


1 Applied in 1956, 1958, 1959. 


Degrees of Mean squares 3 
freedom 
enna 5 8, 070, 671** 
eee 15 469, 260 
BANE 5 43, 551, 814** 
prasieees 25 1, 039, 166** 
Seer 90 329, 169 
eae 1435's con. oe dee eet Sete ee ee ee 


21956, 1957, 1958, 1959; adequate moisture supply in 1960. 


3 **— Significant at the 1-percent level. 


The results of this study illustrated the primary 
interaction between nitrogen and soil moisture 
levels; i.e., when available soil moisture limited 
production, applied nitrogen requirements were 
reduced, and when soil moisture was not the 
limiting factor, applied nitrogen requirements 
were greater to obtain good yields. Also, when 
sufficient water was applied for average yields of 
about 7,000 lb./acre, the production without nitro- 
gen fertilizer decreased the second year this soil 
was irrigated and continued to decrease as the 
reserve of available N was depleted. 

In 1960, the experimental site was irrigated 
uniformly to evaluate the effects of residual nitro- 
gen and previous moisture levels on yield (table 
5). The 1960 yields on the F2, F,, and F; treat- 
ments were inversely related to amount of irriga- 
tion water and directly related to the amount of 
nitrogen applied during the previous 4 years. 
No significant yield response to phosphorus 
occurred. 

Yield of grain sorghum was not materially 
affected by soil moisture level if the average 
available soil moisture in the 0- to 4-foot depth 
just prior to irrigations was more than 30 percent. 
Yields from the F; fertilizer treatment (and F, 
if the yield on the F, was not more than 2 or 3 
percent less than the F; yield) on the M;, My, and 
M; moisture levels were used to evaluate this 


effect (fig. 4). The curve in figure 4 was fitted 
by eye. Yields were greatly reduced when the 
average available soil moisture level was less than 
25 percent before irigations. A similar pattern 
of reduction in yield as influenced by the soil 
moisture level reached prior to irrigation was 
observed by Musick, Grimes, and Herron on 
Richfield soil at Garden City, Kans. (12). 
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FiGurRE 4.— Available soil moisture in the 0- to 4-foot depth 
prior to irrigations can be depleted to an average of 30 
to 40 percent before yields are materially reduced. 
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The soil moisture extraction pattern was evalu- 
ated during sampling periods when little or no 
rainfall occurred. The results indicated that as 
the season progresses from July 15 to September 
15, the percentage of soil moisture obtained from 
the top foot during a sampling period decreased 
from about 50 to 35 percent. The percentage of 
extraction from the other depths to 4 feet in- 
creased during this period. 

Delaying irrigations until small amounts of 
available water remained in the upper layers of 
soil decreased total seasonal E,, but yields de- 
creased by a greater proportion. This relation was 
evaluated by considering the average seasonal 
E, on the F, and F; fertilizer plots of the M, 
moisture level as #, with optimum soil moisture 
(EZ,,). The yield on the F; fertilizer treatment 
on the M, moisture level was used as the maximum 
(Ymax): The data presented in figure 5 are mean 
relative yields (Y/Ymax) on Fy, and F; fertilizer 
plots and mean relative EF, (E,/E,,) where adequate 
nitrogen appeared to have been provided. Since 
the time of occurrence of low moisture conditions 
on different treatments was not always at the same 
stage of growth even within one year, some scatter 
of points is to be expected. However, the general 
trend indicated yields decreased more rapidly 
than E,. For example, if irrigations were delayed, 
causing a 10-percent reduction in seasonal F,, 
yields were reduced about 20 percent. Likewise, 
a 20-percent reduction in E, reduced yields about 
35 percent. The same type of relation would not 
necessarily occur if yields included total dry matter 
produced. 
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Ficure 5.—Relative yield decreased more rapidly than 
relative seasonal evapotranspiration when irrigations 
were delayed. 


Larger yields on the nitrogen-fertilized subplots 
in 1957-59 resulted in lower average soil moisture 
than on the 0-nitrogen subplots. The mean soil 
moisture percentages for sampling periods from 
July 15 to September 15 for each depth are pre- 
sented in table 15 in the appendix. These 
values are averages of 64 to 112 soil samples. 
Average values cannot be used to compare mois- 
ture levels directly, because different samplin 
dates were involved. Differences in mean soi 
moisture in the 0- to 4-foot depth between the F, 
plot and the average of F, and F; plots are plotted 
in figure 6 against differences in yield between the 
two. 

These results indicate that if large yield or 
plant-growth differences are expected between 
treatments and if soil moisture level is an impor- 
tant factor, experiments should not be designed 
with subplot treatments having large yield or 
plant-growth differences. The mean soil moisture 
percentage on the nitrogen-fertilized plots aver- 
aged 0.9 percent (on an oven-dry weight basis) 
less than the 0-nitrogen plots when yields on 
the nitrogen-fertilized plots were 4,000 lb./acre 
greater. This difference represents about 10 per- 
cent of the total available soil moisture. The 
difference in soil moisture tension in the upper 
soil layers just before irrigating may have reached 
several atmospheres, especially on treatments 
where the soil moisture tension was allowed to 
reach 4 or 9 atmospheres before irrigating. 


Grain Quality 


Soil moisture and nitrogen fertilizer affected the 
quality of the grain as well as the yield. Test 


weight and protein content were used to evaluate 
quality. 


Test Weight 


A summary of test weights for all soil moisture 
and fertilizer treatments and an analysis of vari- 
ance are presented in table 16 in the appendix. 
The low 4-year average test weights on the M, 
moisture level were due primarily to greater 
lodging in 1958 as rate of applied nitrogen 
increased. 

The low values on the M; treatment were due 
primarily to lodging in 1956. Lodging and low 
test weights appeared to have been more severe 
when soil moisture was adequate early in the 
season but deficient during the latter part of the 
season. 


Protein 


Protein content of grain was inversely related 
to the level of production and directly to the 
amount of nitrogen fertilizer applied aopendie 
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FicurE 6.—Mean soil moisture content was lower on the nitrogen-fertilized plots than on the F; plots when large differences 
in yields occurred. 


table 17). In 1956, the protein content averaged 
15.3, 14.0, 13.4, 11.3, 12.1, and 14.3 percent for 
progressively increasing moisture treatments. In- 
dividual fertilizer treatments were not analyzed 
in 1956. 

In 1957, protein content on the M,; moisture 
level averaged 11.65 percent as compared with 
8.30 and 8.18 percent on the M3; and M,; levels, 
respectively. ‘The 2-year average yields (1956 and 
1957) on these treatments were 2,159, 5,548, and 
5,894 lb /acre, respectively. The weighted mean 
protein content for 1957 and 1958 was about 11 
percent with average yields of about 3,000 lb. 
(weighted mean=sum of yield x protein content 
for each year/total 2-year yield). With larger 
yields on higher moisture levels, protein content 
was lower. 

With average yields of about 5,000 lb./acre, 
protein content averaged 6.3 percent on the 
O-nitrogen plots. With 240 lb./acre of nitrogen 
applied in 1956 and 1958, protein content averaged 
only 8.5 percent when yields averaged 6,400 lb./ 


acre. Thus, protein content was maintained to a 
certain extent when nitrogen applications exceeded 
that needed for yield. 


Other Crop Characteristics 
Plant Height 


The height of the sorghum increased with the 
first two increments of applied nitrogen in 1958 
but decreased slightly at the highest rate. Very 
little difference between nitrogen rates occurred 
in 1957 and 1959 (table 6). Low soil moisture 
during the late boot stage reduced plant height. 
The shortest plants were on the M; moisture 
level. 


Heading Dates 


Date of heading was delayed on plots receiving 
no nitrogen (appendix table 18). Heading was 
earliest on the low moisture levels. 
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Heads per Acre and Weight per Head 


The number of heads per acre and weight per 
head were primary components of large variations 
in yields in 1959. The lower yield on the low 
moisture levels was a result of fewer and smaller 
heads as compared to the higher moisture levels 
(tables 7 and 8). Nitrogen fertilizer increased the 
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weight per head over the 0-nitrogen plot on the 
medium and optimum moisture levels (table 8). 
However, there was only a small difference in head 
weights between the 60-, 120-, and 240-lb./acre 
nitrogen application rates. Therefore, large dif- 
ferences in yield between these treatments were 
due primarily to the number of heads per acre. 


TABLE 6.—Average height of irrigated grain sorghum in 1957, 1958, and 1959, Bushland, Tex. 


Height at moisture level ? of— Average 
Fertilizer No.! for all 
— ay moisture 
M, M, M; M, M; M, levels 
Ft. Ft. Ft. Ft. Ft. Ft. Ft. 
1 Se espe pee em ae CAE OO myer a 3. 14 3. 85 3. 67 4.15 4. 29 3. 89 3. 83 
1 ee a Regen 3. 38 3. 93 3. 76 3. 98 4.10 3. 76 3. 81 
CoA ee Ce ere a on es ee ee 3. 34 3. 95 3. 89 4. 22 4. 24 3. 95 3. 93 
1 eee ie Pe in os oe en 3. 22 3. 94 3. 84 4.12 4. 35 3. 90 3. 89 
i} eee ree Sere Ue eee 3. 24 3.00 3. 61 4.12 4. 23 3. 80 3. 79 
1 QS ee eres BA Pee 2 ee Nanas oe 3. 18 3. 74 3. 74 4.15 4.15 3. 86 3. 80 
Avera Cimon = aan see 3. 25 3. 86 3. 75 4.12 4, 23 3. 86 3. 84 


1See p. 5 for fertilizer applications. 
2 See p. 5 for irrigation schedules. 


TABLE 7.—Number of heads per acre of irrigated grain sorghum (RS—610) as affected by moisture and fertilizer 
treatments, Bushland, Tex., 1959 


PropucTIoN Data 


Fertilizer treatment Heads at moisture lev .! of— Average 
for all 
moisture 

No. N P.O; M, M, M; M, M; M, levels 
Lb./acre | Lb./acre | Thousands | Thousands | Thousands | Thousands | Thousands | Thousands | Thousands 
Wis 6 Seer 240 0 43. 57.3 67. 69. O 76. 0 59. 5 62. 1 
1 Sy ee ee me eee 0) 30 44.8 52. 8 56. 0 58. 3 61.5 50. 5 54. 0 
Hig sree tes 60 30 46. 5 56. 0 58. 8 65. 0 61. 0 58. 8 57. 7 
yee a es ea 120 30 41.8 58. 0 (23 4LAO 74. 3 62. 3 63. 3 
Gy ee me grin oo ‘240 30 42. 0 58. 5 din d Lond lind 59. 8 64. 1 
1 eee ee eee One a 240 60 47.8 63. 3 (225 15:5 76. 8 69. 5 67. 5 
IAN CAG Osan epee ee |e ees 44. 4 57. 6 66. 4 69. 0 7Aley- 60. 0 61. 4 

ANALYSIS OF VARIANCE 
Component Degrees of Mean square 2 
freedom 

IMoistunes (Vi) ese renaeieetn ie Ppt. peti ence BAe Rie GONE GS ee ot yyy ye 5 2, 322. 43** 

ESE COLE (a!) pres ee Senet tera eboeen tt le eee ee Ral 15 29. 19 
Hey, Gibi Zeer (i) Reeemeens eee eee ree aac een ee eke ete Eee a ee 5 566. 98** 
IV ip cel ese Spee SAR EPS Bee NS eR Re Se 25 55. O97 ** 

ETT OT (ID) es he wi SR Se EN le) yea 90 14. 81 
Ro Galleys 2 Sen SeReed ete en Bis Sa dere. Soh EAS tay tS (EAS | cere aioe Pee aS 


1 See p. 5 for irrigation schedule. 
2 **— Significant at the 1-percent level. 
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TABLE 8.—Weight per head of irrigated grain sorghum as affected by moisture and fertilizer treatments, 
Bushland, Tex., 1959 


PRODUCTION DATA 


Fertilizer treatment Head weight at moisture treatment ! of— Average 

for all 
moisture 

No. N P20; M, M, M3; M; M; Ms levels 

Lb./acre | Lb./acre Lb. Db. Lb. Lb. Lb. Lb. Lb. 
Risess ces eee Sa eee 240 Oo 20: 1047). OF 1107) SO 113 0.144 |} 0.148] 0.145 0. 127 
pee oa ee es Seen ee 0 30 . 083 . 093 . 086 076 . 073 . 086 . 082 
yee es Se ane eee la 60 30 . 098 115 125 134 - 133 142 124 
1 Ope a ee Bs et as Se ee ee ee 120 30 . 101 112 ale 141 135 . 139 . 124 
pees ate oe ee ee es ee 240 30 . 106 111 110 142 140 141 125 
Eee aoe a meee eee erate RE 240 60 102 . 099 114 133 141 131 . 120 
AV. CE 2.0'C bok ere 2) ie en | SRR ioe | EN eee . 099 . 107 111 . 128 . 128 . 131 Sblye 
ANALYSIS OF VARIANCE 
Component Degrees Mean square ? 
of freedom 

Moistures(Mis Soe se ee a ree ae Se ee ee ee a ee ee 5 0. 004358** 

Brrors (a) See ee ee ee he ree ee eee ae 15 . 000108 
Hertilizert (i) Sse re ee oe a ee Se een re eee 5 . 007082** 
IVE SpE Sa wk ann Fe At Te CL ry re 25 . 000416** 

1 Dy ge) cle (| 0) ee eres erie ee tN oe oe 5 eee eee noes re ae ee 90 . 000057 
PR Gea a ee ee ees re Aa se a cee oe 143i leccecce ee eee ee eee 


1 See p. 5 for irrigation schedule. 
2 **— Significant at the 1-percent level 


Water Use Efficiency 


Water use efficiency, expressed in units of 
marketable products per unit of water evaporated 
and transpired during the growing season, is 
frequently used to evaluate water management 
practices. The term indicates the relative effec- 
tiveness of agronomic and irrigation practices in 
maximum utilization of water supplies. Water 
use efficiencies for the 4 years are summarized in 
table 19 in the appendix. 


Fertilizer Effects 


Fertilizers are extremely important when at- 
tempting to obtain maximum production per unit 
of water. The effect of both soil moisture and 
nitrogen on water use efficiency after 4 years of 
irrigation is shown by data for 1959 (table 19). 
With low moisture levels, nitrogen did not increase 
water use efficiency greatly. When soil moisture 
was not limiting, nitrogen fertilizer more than 
doubled the production of grain per unit of water. 
The large difference in water use efficiency was due 
to the use of nitrogen, which more than doubled 
grain yields but increased seasonal evapotranspira- 
tion less than 10 percent. 


Annual Variations 


In a dry year such as 1956, water use efficiency 
with limited irrigations was low, but in the years 
of normal or above normal well-distributed precipi- 
tation, relatively high water use efficiency was also 
obtained with limited irrigation treatments. In 
contrast, medium to optimum soil moisture and 
adequate nitrogen fertility resulted in high water 
use efficiencies in seasons with below normal, 
normal, and above normal precipitation. 


Irrigation Water Use Efficiency 


Irrigation water use efficiency was evaluated by 
considering yield increases over nonirrigated crop 
yields per unit of irrigation water applied prior to 
planting and during the growing season. The 4- 
year average production of grain per acre-inch 
of irrigation water applied is presented in table 9. 
The highest 4-year average urigation water use 
efficiency occurred on the optimum soil moisture 
level. With the irrigation practices used in this 
study—that is, a preplanting irrigation plus two or 
three 4-inch irrigations during the growing sea- 
son—the largest average production of grain per 
unit of irrigation water required 14 to 16 acre- 
inches of irrigation water per acre per year. 
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TABLE 9.—Effect of soil moisture level and nitrogen on the production of grain sorghum per unit of irrigation 
water applied annually, Bushland, Tezx.! 


Fertilizer treatment Increase at moisture level of— Average 
for all 
moisture 
No M, M2 M3 Mg, Ms; Me levels 
Lb./ Lb./ Lb./ Lb./ Lb./ Lb./ Lb./ 
acre-inch | acre-inch | acre-inch | acre-inch | acre-inch | acre-inch | acre-inch 
1 RO eal a et te cw a A 208 288 226 222 173 -207 
iH) ee ei nee pen tis) oped eRe Beat med 230 314 340 360 308 330 314 
Sea ee Se Oe eras ce aoe ORE ee Oe eds map 225 328 323 379 334 345 322 
IAVCTAG CS aes see ee cea sae soe 221 305 296 321 272 295 286 


1 Based on the increase in yield over dryland yields of the same hybrid in 1957-59 and Early Hegari in 1956. 


Fallow Period Irrigations 


Irrigation before planting is practiced in the 
High Plains to assure a stand, to maintain growth 
until irrigation furrows can be made, and to 
germinate grain not removed during harvest. Ir- 
rigation of wheat is generally not economical after 
May 20, as yields will not be materially affected. 
Thus the irrigation wells can be used for preplant- 
ing irrigations for grain sorghum several weeks 
prior to the optimum time to plant. Also, because 
of the low intake rates, a preplanting irrigation is 
often made to store water in the 3- to 5-foot depth 
of the soil profile. Storing water in the 3- to 5-foot 
depth allows the farmer to irrigate more acres 
with a given water supply. If irrigations are made 
only after planting, the demand for water may be 
greater than the capacity of the wells when Z£, 
rates are high. Without water storage in the 
3- to 5-foot depth, severe reductions in yield can 
occur. 

Storage of rainfall during the fallow period is 
usually 15 to 20 percent of the offseason precipita- 
tion with dryland farming. About 25 percent of 
the total precipitation at Amarillo comes from 
storms bringing less than 0.25 inch each. Nearly 
70 percent of the precipitation comes from storms 
bringing less than 1 inch each (5). With these 
light showers, penetration into the fine-textured 
soil is limited and evaporation losses are high. 

Storage efficiency of precipitation plus irrigation 
water applied offseason was also low. The 3-year 
average fallow season precipitation was 11.18 
inches on the M, plots and 10.95 on the M, plots. 
However, because of high evaporation losses, 
preplanting irrigations were necessary to wet the 
soil profile to a depth of 6 feet. The average 
depth of preplanting irrigation was 5.5 and 5.2 
inches for a total of 16.7 and 16.1 inches of pre- 
cipitation plus irrigation water on the M, and 
M, moisture levels, respectively. The average 
net gain in soil moisture from harvest to planting 
was 5.5 and 4.2 inches. Thus, the efficiency of 
storing precipitation plus irrigation water was 


33 percent on the M, plots and 26 percent on the 
Mz plots. This loss of water, primarily by 
evaporation, was approximately one-half the 
amount required to grow a crop of winter wheat 
during the same period. The total depth of 
water evaporated and transpired annually on the 
grain sorghum plots with optimum soil moisture 
was about 34 inches. 


Irrigation Water Management 


Irrigation water management practices for 
grain sorghum will vary with each farm unit, 
depending upon the crops grown, available water 
supply, general level of production desired, and 
facilities and labor for irrigating. Some general 
irrigation guidelines can be derived from the 
results of this study. 


Preplanting Irrigations 


Under normal climatic conditions and recom- 
mended irrigation practices, the soil profile will 
be near the wilting percentage in the top 4 feet 
at harvest. As indicated in table 1, about 6 
inches of available water could then be stored in 
the 0- to 4-foot depth. From table 3, the average 
precipitation during the fall and winter months 
in this area is about 7 inches. However, from 
November through March approximately one- 
half of this precipitation comes from storms 
bringing less than one-half inch each, resulting 
in high evaporation losses. Therefore, unless 
large rains are received in April and May, the soil 
will generally not be wet to more than 1 to 2 feet 
by planting time. With these soil moisture 
conditions, preplanting irrigations may be more 
convenient than applying greater amounts of 
water after planting. 


High Production Level 


If it is assumed that adequate fertilizer was 
provided for near maximum production and a 
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preplanting irrigation was given, irrigations can 
be scheduled by (1) observing rainfall that has 
occurred, (2) estimating probable rainfall based 
on current forecasts for 4 to 5 days ahead, and 
(3) utilizing the mean cumulative /, or EF, rate 
curve of figure 2 or 3. For high yields, only 
about 50 percent of available water can be de- 
pleted before irrigating the first time when the 
root system is not fully developed. Thus, the 
first irrigation should be applied to the entire 
field before 3 to 3.5 inches are used from the soil. 
With normal precipitation in June and July and 
a planting date near June 15, the first irrigation 
will be needed in late July or early August, 
depending on actual rainfall. The second irri- 
gation will be needed about August 15, allowing 
3 to 3.5 inches to be depleted from the soil after 
the first irrigation. The third irrigation, and 
probably the last, would be needed between 
September 5 and 10. A season with below normal 
precipitation would require four irrigations with 
the first one beginning sooner than indicated, 
whereas a season with above normal precipitation 
may require only two irrigations, each irrigation 
requiring 3.5 to 4 inches of water. 


Medium Production Level 


If adequate fertilizer and a preplanting irri- 
gation are assumed, the first irrigation for the 
medium production level should be given before 


SUMMARY AND 


The 4-year study of irrigated grain sorghum, 
with six soil moisture levels and each with six 
fertilizer treatments, showed that seasonal evapo- 
transpiration (£,) will average about 22 inches 
from planting to harvest when irrigating and 
fertilizing for high yields (fig. 2). Nitrogen fertil- 
izer increased yields 2 to 2% times more than those 
from plots receiving no nitrogen, but increased 
seasonal #, only about 6 percent. 

The rate of E, shortly after planting grain 
sorghum in June was less than 0.1 inch per day, 
even though solar radiation and air temperatures 
were high. As amount of vegetation increased, 
the H, rate increased rapidly, reaching a maximum 
of about 0.30 inch per day during the early part 
of August (fig. 3). During August and until 
harvest, the #, rate decreased as solar radiation, 
air temperature, and soil moisture decreased, 
and as the plants matured. 

Grain sorghum yields were greatly affected by 
the soil moisture level. Yields were also greatly 
affected by the rate of nitrogen application in the 
third and fourth year after beginning to irrigate 
Pullman soil. To maintain yields of 6,000 to 7,000 


3.5 to 4 inches of soil moisture are used. With 
normal climatic conditions, the first irrigation 
will be needed about the first week in August. 
The second, and perhaps the last irrigation, 
should be given when about 5 inches of soil 
moisture are used after the first irrigation. With 
about 2.5 inches of average rainfall in August, 
this irrigation will be needed about September 1. 
A dry season would require three irrigations and 
a wet season perhaps only one irrigation, scheduled 
in a similar manner. 


Low Production Level 

If limited water supply or pumping capacity 
during the summer is anticipated, irrigation for a 
low production level may be necessary. The 
planting rate should be reduced to rates near those 
used for dryland farming. If a preplanting irriga- 
tion was given, then the first and only irrigation 
during the growing season should be given when 
the plants begin to show signs of severe wilting 
during the day. Preferably, this irrigation should 
be delayed until the middle or latter part of August 
during the milk stage. The yield with this practice 
will not be high, but it will be greater than dryland 
yields. Fertilizer requirements will be consider- 
ably less at this level of production. Lodging 
caused by charcoal rot may be severe some years 
with these limited irrigation practices. 


CONCLUSIONS 


lb./acre, at least 120 lb./acre of nitrogen wer 
required annually after 2 years of irrigation (table 
4). With limited irrigations that restricted yields 
to 2,500 to 3,000 lb./acre, nitrogen fertilizer was 
not needed. 

Yields were less than 6,000 to 7,000 lb. per 
acre when more than 80 percent of the available 
water in the 0- to 4-foot depth had been depleted 
before irrigating (fig. 4). Delayed irrigations 
reduced seasonal H, by 10 to 20 percent, but 
yields were reduced 20 to 35 percent (fig. 5). 
Severe lodging caused by charcoal rot and low 
test weights occurred when soil moisture was 
adequate early in the season but inadequate late 
in the season. 

High water use efficiency was greatly dependent 
on nitrogen fertilizer. Nitrogen fertilizer doubled 
the production of grain produced per unit of water 
(appendix table 19). High average water use 
efficiency occurred when optimum soil moisture 
was maintained. During years with well-distrib- 
uted precipitation, lower moisture levels also 
resulted in high water use efficiencies. 
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APPENDIX 


TaBLE 10.—Record of irrigations and stage of growth of grain sorghum at Bushland, Tex., 1956-59 


Time of irrigation Irrigation for moisture level of— 
Date Stage of plant growth M, M2 M3 My M; Me 
1956 Inches | Inches | Inches | Inches | Inches | Inches 
ADEM ae ee ee ee ee ee eee Preplanting____--__- 4.0 4.0 4.0 4.0 4.0 4.0 
JUNO 70s ee oe wd Se a a la ea ee Emergence. ___--_-- 3. 0 3. 0 3. 0 3. 0 3. 0 30 
JULY 726 se Boe eet eek on A yee 242in height 225 2~ 2 |b. S| ee | eae | eo Pye ae ee 
JULY sO aes ae ee ae ee a(¢26-in pheight= 3202 |Seseeees (seer ess | See tomer AS OU) |e a ee 
July.ol eee ae Eee eee aes 26-in. height 243-22 1/2 22e 228 ASQ | eae eee | eae oe ee ee 4.0 
PAUP G2 2 ee Se aa eee ret en ae eet 1 BLO 0) rises ge mere (Ue eed Le age = ta BAQN Se Coe 2 ee 2a ell eas 
Aug s Wilcaes = Bees Uae aoe eee Boots. 3222 #22222 52|bea eo ss|esasncen|esee sess =e eee 4:0. \|2e5 22 
Augie OSs 4ec 5 ee eee ee ee ee Mowers 2. 5.25522 55| hes ee So | oe ee | eer eee AS OSs eee 4.0 
AU gO OL See Ome. See es ee eee ele Miler. ee 2 ps ee eee = eee 470) oe ee AN Oe |e soe 
SOD CSAs ee ee eee are ae ease re Softidough=— = 2-25. {Baas ee ee eee ALQs Moe See eee eee 
Potalea se a ta oe ae Maen ra | es ewe eas ee 7.0 11. 0 15. 0 19. 0 18.5 15.0 
1957 
UIC 3 8 See eS ole ET 9 22 ey lary re Preplanting____-_--_- 5. 5 5. 5 5. 5 5. 5 5.5 5,5 
Ul yn24 2 eee eee eee ers Meee ee L8-in. height ==222222|s2os2264|seseosculeee Bees 4.0 Bal Ue ese 
(NUD OSS ike ce ae ere ts ena tee eens BOOUl = = 2225) ee eee | See ae 4.0 450), esos |e 4.0 
Aug S0h se te ew = See ee St) ee Milkwens S26 eo oe Oe ee ee ees 450" )|22 Sree 
SOD o 82 he sae ee ee eer a es Milks. see a Soe el eS otae So | See ee | see 450 ec ee s| eee 
Séptn 622225222623 Sates enacts a Milken So ess Seas oe een ee Pee ee eee eee pee eee eee ee 4.0 
Septs (32> a as ene Sere sa poftidqughee= S22. =26| Sos esa se | ee sees 4:'0, ||\Sa 2525 s2/R ER oe eA Gee ees 
Sept.) 202202 Gee ee ieee he Maturation 222 222/225 22252 |22~seeee|ban one eel eee 4,00 (22 Sseen 
PO te ae eh ai eats Se oN et hs | a a a) 5. 5 9. 5 13. 5 13. 5 17.5 13. 5 
1958 
Mays 3 08a ei sf sae nee Preplanting_-____-_- 5. 0 5. 0 5. 0 5. 0 5. 0 5. 0 
PAL gO he Rie a ee Sete ea et A BOO t Nees BS | See eae ee | ee ere | eer epee 34.0) ||P 
AU gel 25S 22M Soon ee tee es RE owerssto. 23542 (beeen 7 al (ep ee 4. QO (|i sos 2a 3|c eee 
AUG 10 2 ee ae oo eee ee See Blowers: s2s22- sce. (Se a= es| Seeee ABQ) 5 |Cuee eee 4.0 4.0 
(Aura 0 Sree eae Stee nee eet ee eee Mike shee neo cee| lee. See | See e eae Meena ase AQ 4 [2h 22: 2| eee See 
SL) OE ee a cern ee ee Se IMA tas wget ne eas Stes | ree | Ieee | reer eee | ee epee ve 4.0. | 2225s 
Sept oe 2 ee eee eee Soft dough==* £2-2- | esce ees bae 2 ee | oo | Bees oe | eee 4.0 
Sept: Oo 2622 ce tee a catenin, Soft: dough 25. ee} ne eee oe AO; ‘2222. 42) Xie So A ee 
Totals sey ate kites ep ha, Sie aS ee eee 5. 0 9. 0 13. 0 13. 0 16. 0 13. 0 
1959 
JUL Ca Preplanting____-___- 6. 0 6. 0 5. 0 5. 0 5. 0 5. 0 
JUlyi24 Aen ees eon aa ee eee eS lG-ins heighGs-= = sese | see eee meee | eee | ee eee 4:30), (poses 
JULY Sie es eee see eee eee eee sa 20-in shelghts sage | eee esl eee eee | eee ee 4S 0M. ee oes 4.0 
AUG Aen 2 = ee Sere ea a a Bootes jo28S2 st. 8s ct|S22Seee2 4.0 4.0" Jecsicess|osleoee | hee 
AUP! fen oehn oe See oe sc Se ee Sen Soe Bootes Fes Some | se eee | ee eee | ee eae | een 40 Noe ects 
BAT Se Oi a Sarr yt ae i rs et cee Blowers. 22) 22h? | Pe eee! | Peo ae | eee 4° Q). \\o=e aes 4.0 
1S) 0) Cn] meee Gene ae EO Soft) dough esse: | Bee | Dee ee ee ee |e eee 3:25 3| 2S 
Dept 0S ose eee eee Mardidough =e soa: |e Moms | omens 4.5 4.5) ih 2.) ee eee 
is ay 121 LE Reo Cee ee NO DE cE ETO oo, 6. 0 10. 0 13. 5 17. 5 16. 25 13. 0 
Average, 1956-595 2 2 ae eee |e os eee 5. 88 9. 88 13. 75 15275 17. 06 13. 62 
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TABLE 11.—Rainfall during growing seasons 1956-59 near the experimental site, Bushland, Tez. 


1957 


Date 


— 


1959 


Date 


Amount 


1956 

Date Amount 

Inches 

UUNnes Stee. ese 0. 12 
Bleed . 34 

Julyge one eae . 29 
Boe ee se . 01 

Oe ear Sa . 05 

1 Spy ea 1. 55 

1 Ly (eg eee ea ee 11 

USM see . 02 
20-232 h 2542-8 . 29 
O15 ies, Ses Pee .18 

Bi) se ae eee . 56 
AUoS ce sccnse .14 
pcoeih da del ena 28 

PR=1T9ERE a2 ee 1. 14 
Sept ee see - 12 
Oct 182". 22 . 28 
2 Rane. . 06 
Total____-- 5. 42 


1958 
Date Amount 
Inches 
June 20_____-____ 0. 31 
eye 112 
July 4-5_______--_- 3. 30 
1 Ks Fe oe 17 
1.9 Sees s ee 2 Le 
20 Ree eee ned 1. 33 
TYAS pea ae . 29 
Yeas SACS Ro . 70 
2 =o) ae ee 1. 27 
ANIC oe .18 
ee ae Sees . d4 
| ee . 04 
Sept. 6._-_------ 1.11 
i eee eee . 05 
| eae eter Se . 26 
2 eee ee 33 
DOs es ah eee -1l1 
LE eh eee 11. 08 
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TaBLE 12.—Effect of soil movrsture levels and fertilizer (treatments F2, F., and Fs) on total evapotranspiration 


by hybrid grain sorghum in 1956-69 


EVAPOTRANSPIRATION DATA 


Fertilizer treatment Evapotranspiration at moisture level of— Average 

for ail 
Year moisture 

No. | Nitro- P.O; M, M, M; M, M; M, levels 

gen 

6 Inches | Inches | ‘Inches | Inches | Inches | Inches | Inches 
Be ok ORY BO See ata sph ps8 | Saree a | Sh os a pe | ce en | A 
VO56 ease eae ee ee ee {F 120 BOP 22sec se ses SoS See ee ee Se 2 a |e ee | eae ee | pee cence 
F; 240 SON sa ae Sa are eS re ee ec A ce | ee | 
Averages 3-332 | Oo ees poet aoe eee ee 12. 3 15. 7 18. 8 21.9 23. 7 18. 4 18.5 
F, 0 0 12.8 ileal 20. 0 20. 4 23. 7 20.9 19. 2 
105 et eee eee F, 0 0 13. 1 16. 0 20. 6 20. 5 23.0 20. 6 19. 0 
F; 0 0 13. 0 16. 0 20. 2 2a2 23. 6 21.0 19. 2 
Average: 228 2262 3| 5 22s (Bore Seale eoeeaa 13. 0 16.3 20. 3 20. 7 23. 5 20. 8 19.1 
F, 0 30 14. 8 19. 5 20. 6 21. 0 23. 4 20. 8 20. 0 
195 Se See ee Ae See F, 120 30 15. 4 19. 7 20. 3 225.3 Zac 21.8 20. 4 
F; 240 30 14.8 18. 4 21.8 22.9 24. 7 2255 20.9 
Averages 222 Joos |seh 22 Seon |e eee oe 15. 0 19. 2 20. 9 22.1 23. 7 21.7 20. 4 
F, 0 30 11.6 16. 2 16. 5 19.8 20.5 17.4 17.0 
1959 Oo eee nee eee F, 120 30 12.0 16. 2 19. 1 20. 8 2252 19. 0 18. 2 
F; 240 30 12. 4 16. 6 18. 6 20.9 22. 8 20%3 18. 6 
AV CY agers coe eee | sere ee ee ae | eee nee 12. 0 16. 3 18.1 20. 5 21.8 18.9 17.9 
Soe See | ee nee ileyeal 17. 6 19. 0 20. 4 22.5 19. 7 18. 7 
Average of 1957-59____--_ Ree Wiese tee 2 | Baa eaee 1325 17.3 20. 0 212, 22.9 20. 5 19. 2 
fh Sse ates ee ee 13. 4 17.0 20. 2 PE 2 23.7 21.3 19. 6 
Overall average. -—-| 5-52 222s Lee 13. 3 17. 3 19. 7 21.1 23. 0 20. 5 19. 2 

1956-59 average of F, 
£5 10 (e) eee al gl | [ROM OL (eee ME MESES] OL ERE se 13. 2 16. 8 19. 8 21.6 23. 4 20. 2 19. 2 
ANALYSIS OF VARIANCE 
Mean squares ! 
Component Degrees of 
freedom 
1957 1958 1959 

Moisture sk (NV) eee ee a eee 5 172. 98** 110. 99** 144. 07** 

STrOTs (A) ee a eae eae ee ee On 15 1. 05 1.14 . 59 
Her bili zens (Hp) tee 5 eee er he a ee 2 ~ 22 4. 67** 10. 84** 
IMIG ag TE Tee ae Ra hd eee aa ne ee der, ie = 10 . 61 2. 08** 1. 04* 

TELY TO eee eee eh nh fa eae. SNR ah cart 7M ELD MET 36 .47 . 44 . 43 
LO bat a A = Fo tee ane phe ce Ios eh no TA: lenvescwetec ae ee ee ee 


1 *= Significant at the 5-percent level; **=significant at the 1-percent level. 
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TaBs_E 16.—Effect of soil moisture and fertilizer treatments on the test weight of hybrid grain sorghum for 
1956-59 


Test WeicHt Data 


Fertilizer treatment Weight for moisture treatment of— Average 

Year for all 

treat- 

No. Nitrogen) P.O; M, M, M; M, M; M, ments 

Lb./acre | Lb./acre | Lb./ou. | Lb./bu. | Lb./bu. | Lb./ou. | Lb./bu. | Lb./ou. | Lb./bu. | Lb./bu. 
1S eee 240 0 56. 3 47.5 | - 57.0 58. 4 57. 7 54.1 5522 
1 pe a 0 30 56. 7 5052 led 58. 6 57. 7 54. 6 55. 9 
1956 LEW he sie 60 30 56. 3 49. 7 57. 3 58. 6 57.9 55. 2 55. 8 
ah ae a Wiese 120 30 56. 3 50. 6 57. 3 58. 5 57. 8 55. 1 56. 0 
Hesse 240 30 56. 1 47.3 57. 0 57. 1 58. 2 54. 8 55. 1 
Weesoss 240 60 56. 4 48. 2. 56. 8 58. 6 57. 4 55. 1 55. 4 
AV Cr are eee mes 2 |e ee et |e ee eet (avi ee 56. 4 48. 9 57. 1 58. 3 57. 8 54. 8 55. 6 
dD esses 0 0 57.2 58. 6 58. 3 59. 0 58. 9 58. 3 58. 4 
jae ae 0 0 56. 4 58. 2 57. 8 58. 2 58. 4 58. 2 57.9 
1957 Wyos222 0 0 56. 6 58. 1 58. 1 58. 6 58. 0 57. 9 57. 9 
iis Sir ice Rye ce 0 0 56. 8 58. 2 58. 2 58. 8 58. 3 58. 0 58. 0 
eee 0 0 57. 4 58. 6 58. 7 59. 1 59. 0 58. 6 58. 6 
1 eee 0 0 57. 4 58. 6 58. 5 58. 8 59. 2 58. 4 58. 5 
AVC Ge Pacem [Oe OS fA ek OE Lie tee 57. 0 58. 4 58. 3 58. 8 58. 6 58. 2 58. 2 
Hess 240 0 49.8 Yell 59. 4 59. 3 58. 8 59. 6 57. 3 
Myce 0 30 55. 2 59. 0 58. 1 58. 0 57. 6 58. 5 LY ANE 
1958 lee 60 30 51.9 58. 8 58. 8 59. 1 58. 5 59. 2 57. 7 
einige Tah etrapariatie lees 120 30 49. 8 58. 4 59. 4 59. 2 59. 1 59. 5 57. 6 
1 eee ae 240 30 49.8 58. 0 59. 6 59. 6 59. 0 59. 8 57. 6 
Heeweee 240 60 50. 5 58. 2 59. 6 59. 4 59. 3 59. 4 57. 7 
Average: 222) 224|L 2s ese steht Bes 51. 2 58. 2 59. 2 59. 1 58. 7 59. 3 57. 6 
Fy__--- 240 0 57.2 bY fant 57. 1 57. 9 58. 5 58. 2 57. 6 
F,__--- 0 30 58. 9 58. 4 57. 4 57.3 56. 8 58. 0 57. 8 
1959 ees 60 30 58. 3 58. 6 58. 1 58. 2 58. 6 58. 8 58. 4 
ee See ae ee 120 30 57. 8 57.3 58. 0 58. 3 57. 8 59. 1 58. 0 
eee 240 30 58. 2 57. 4 56. 2 58. 3 58. 7 59. 0 57. 9 
Weeeoee 240 60 58. 2 57.3 57. 5 56. 7 59. 0 59. 0 57.9 
CAS OTE, Cs | ea ak al nd anes ae te 58. 1 GY EETE 57. 4 57. 8 58. 2 58. 7 57. 9 
Bis Saer Ua wet naan 55. 1 55. 1 58. 0 58. 6 58. 5 57. 6 57.1 
Braet eee eed (pee Sree 56. 8 56. 4 GY haw! 58. 0 57. 6 oe J of 3 

| ene! lence a Heras (ies ere 55. 8 56. 3 58. 1 58. 6 58. 2 57. . 
1956-59 average. ------ ae earls (yeas Bea 55.2| 56.1| 582| 587| 582| 57.9 57.4 
pee See ee eee 55. 4 55. 3 57.9 58. 5 58. 7 58. 0 57. 3 
1 Pye epee [tae eee | a 55. 6 55. 6 58. 1 58. 4 58. 7 58. 0 57. 4 
Overall average: {|2.222224|22225.53|22 252.52 Eta vers 55. 8 58. 0 58. 5 58. 3 57. 8 57. 3 

ANALYSIS OF VARIANCE 
Mean squares ! 
Component Degrees of 
freedom 
1956 1957 1958 1959 

IVIEOIS CUED (6 VIN) esre tran peg es ee 5 289. 35** LOY LEs* 243. 95** 5. 0O** 

I TLORA (A) eee te) Lees ies 2a) ole ae ie sea 15 3. 05 46 1. 99 1. 05 

Merntilizerg (i) shoe, Sahara SR ed des ae ste A ert 5 3. 50** 2. 30** 61 1. 66* 
VERE SC in i tie Sa ee dd 2 cn ee irepe 25 1. 49* 12 4, 96** 1. 66** 

HITrOnA(D) nee See ee ee ee 90 75 2G 1. 48 61 

otal se Mee ace 2a eee 143 2.0 Seo (bod oe ee 


1*= Significant at the 5-percent level; **=significant at the 1-percent level. 
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TABLE 17.—Grain protein percentage! as influenced by moisture and fertilizer treatments on irrigated 
grain sorghum 


PROTEIN DATA 


Protein at moisture level of— Average for 
Year Nitrogen C8 moisture 
levels 
M, M; M; 
Pet. Pet. Ped. Ped. 
1 leet Srey ae ey Op a 11. 64 6. 86 8. 19 8. 90 
105 (ie? se ebay Aa Sue a J PSs se ee enn eee 12. 16 8. 06 8. 06 9. 43 
En re at Reece 277 5 11. 76 8. 76 8. 03 9. 52 
eggs ly ee append 11. 02 9. 54 8. 44 9. 67 
Av eralg Cee o set eames SO eral ara oe Bement ated ee BR Pa nt 11. 65 8. 30 8.18 9. 38 
heer ae eee 9. 38 4. 85 4. 81 6. 35 
1G 5 8 Same ere ke ee oa Ee EERO, SE ae ayes 9 x 11. 73 5. 51 5. 23 7.49 
ed Sees oe bee 10. 78 7. 09 6. 76 8. 21 
feed Seer OE aye eee 11..72 9. 63 8. 65 10. 00 
BNE) af 3 sey ape ep! Se TGR Og ee ee eee 10. 92 6. 77 6. 36 8. 02 
1 aia ee ae OS a 4. 56 4. 06 4.11 4, 24 
NOG O12,3 wets ore ee he eee te Re is car ] Oa eee ape ae 6. O1 4. 27 4. 20 4. 83 
5 Oy eect ges ear aeeyenes vaeed 6. 90 4. 65 4. 22 5. 26 
Hypa See eel ree (eee 7.10 7.21 6. 54 6. 95 
FAS) C18 © Gla en pen wae taper oc aan gs | ef Pk oman PTA an gee 6. 14 5. 05 4.77 5. 32 
Nip eee ea eee: 8. 52 5. 26 5. 70 6. 49 
Average, 1957, 1958, 1960____________- owe eee eon aes 9. 97 5. 95 5. 83 7. 25 
Je epee eee 9. 84 6. 83 6. 34 7. 67 
1 ee eee ee ee ae 9. 95 8. 79 7. 88 8. 87 
Overalllaveraveme =) ese en eo baa e een e ee eee ene 9. 57 6. 71 6. 44 7. 57 
ANALYSIS OF VARIANCE 
Mean squares 4 
Component Degrees of 
freedom 
1957 1958 1960 
Moistuney (Vl) === ene ne lee 2 46. 45** 76. 50** 6. 34 
IEP OTS (a) ere epee ew SN ne OE 4 . 36 . 99 1.13 
ertilizer (h)sesee eae en ese eke ere eee 3 1. 00 31. 80** 18. 35** 
VE <a ie eer eee Re Peoweeyin sR Ne at 6 1. 83** 3. 86** 1. 83* 
IEOTETO Tou (([)) eee ee ee eee 18 ou . 19 55 
OCG LEY) LR ead. 9 Soh ie Ne SO ee ee ae ee ee |e ee ae | ore eee pera 


1 Percentage of protein=percentage of nitrogen x 5.70. 

2 Residual applied nitrogen. 

3 Residual moisture treatment. 

‘ *= Significant at the 5-percent level; **=significant at the 1-percent level. 
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TABLE 18.—Effect of soil moisture level and fertilizer on the stage of plant development on August 13, 1957, 


and August 12, 1958 


[Numerical rating: (1) late boot stage; (2) beginning to head; (3) partially headed; and (4) headed and blooming] 
PLANT DEVELOPMENT DATA 


Plant rating for moisture level of— Average 
Year Fertilizer for all 
treatment moisture 
M, M, M; M, M; M, levels 
1 eae ee ee 2.8 2.5 212 2.0 2.8 1.8 2.4 
A Oh poe ep er oe 1.8 1.8 Dee 10 1.2 1.2 4: 
Reese hae Pe 2.8 185 1.2 125 ee, ae, 1.8 
195 fe nee see a eee Higa Sea 2.5 2. 0 15 ile) ine 12 ls 
1 Desai ee 2.8 3. 2 2.0 2.2 2.5 2. 2 250: 
| ene eee BEE 2.8 PA, Ge 22:0 225 Ho 2.4 
Averages 2 eee ete | |Nee eee eee 2.6 2.3 1.8 ev 2. 0 Ded, 2.0 
Hy eee) eee 383 2.8 3. 0 3:3 3. 0 3. 0 3.0 
1 Dp mae Cee tae 2.0 1.8 1.3 1.3 1.5 1.8 1.6 
1 ee a al 3.5 3.0 2.5 353 3.0 3.3 3. 1 
1958-20 esses see Ryeseeks eee 3.5 3.3 3.3 3.8 3.3 3.3 3. 4 
Heche soi 3. 8 3. 5 3.5 3. 5 3. 8 3.8 3. 6 
1 a ee ee ee 4.0 4.0 3. 8 3.3 3.5 3.5 3.7 
AVCT ages seca sees Nooo =e eae 3.3 3.1 2.9 3. 0 3. 0 3.1 3.1 
ANALYSIS OF VARIANCE 
Mean squares ! 
Component Degrees of 
freedom 
1957 1958 
Moisture! (Vl) Se ee So ee ae See nese hee tee eee 5 3. 40** 0. 60 
VETO Te (gy) eee a, oc SPL te Ot See erent, gh fet Si oe ae Pe 15 . 47 . 40 
entilizerk (H) cee site anya ee Ria sie a ee ee eee 5 5. 00** 14. 20** 
IVT <a yn asta an Soa Ber AR Re eC Pe se me ee eet ne eo 25 45 . 04 
HTTOTA(D) jae ee ee a 2 Psy Ie ares ha 90 . 38 . 29 
ANG Gey eee eae ae eames BEES rnc Te ee eh ea ee eee ee (43 \Sb 04 22 02s | ee eee 


1**— Significant at the 1-percent level. 
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TasLeE 19.—Kffect of soil moisture and fertilizer treatments on water use efficiency (lb./acre-inch of water 
use) by hybrid grain sorghum 


WaTER EFFICIENCY DATA 


Fertilizer treatment Water use for moisture level of — Average 

Year for all 
moisture 

M, M, M3; M, M; M. levels 


Lb. per | Lb. per | Lb. per | Lb. per | Lb. per | Lb. per | Lb. per 
acre-inch| acre-inch| acre-inch| acre-inch| acre-inch| acre-inch| acre-inch 


IO) 4 op meceesese Secs prleriterseey| sy UPA) tO) ape ee a ee eed | eee ee 
Average 60 132 253 298 225 216 197 

261 344 287 255 225 305 280 

NO Pere tessa noes ae F 284 364 329 329 288 317 319 
292 378 328 355 323 341 336 

Average 278 362 314 313 279 321 311 

200 269 173 164 144 184 189 

1Q58Bae eee soos = F 170 258 307 313 295 290 272 
165 285 286 316 286 296 272 

Average 178 270 255 264 241 256 244 

242 205 195 150 144 145 180 

1 Fa ae lee 5 ee 284 278 302 344 320 312 307 
265 277 307 374 337 295 309 

Average 264 255 268 289 267 251 265 

1 Oe eas | eae ee 234 273 218 190 171 211 216 

Average 1957-59_______ He ee | Sees |e eee: 246 300 313 329 301 306 299 
Fy pee el | ee el | ees sees 2 241 313 307 348 315 311 306 

Overalliaveravese- 22-4 | ase oes s |e enone |eeenee oe 195 254 272 291 253 261 254 


ANALYSIS OF VARIANCE 


Mean squares ! 


Component Degrees of 
freedom 
1957 1958 1959 

Moisture: (Mi) hee s een ae oe eee ee ee i Rs oe le 5 11, 419** 13, 679** 2,271 

TOD) eee ee eee een a cele eres os eos. 15 1, 523 636 1, 104 
Mertilizers (h)) sess ae oe ee ee ee Be 2 20, 196** 55, 390** 144, 507** 
a ant A 10 1, 252 8, 395** 6, 540** 

ESTE. OTA ( (5) rere eee ea ate ee ee Pt os ee 36 857 674 942 
OCG EE baa ae (GAR | SAere poe aA Sere | Mat at vee | Ee 


1 ** —Sipnificant at the 1-percent level. 
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